Abstract -Use of plant biomass in energy production is one of the preconditions to compensate growing shortage of fossil resources; therefore the research covered production of pellet samples and testing of quality parameters thereof. The study aimed at researching hemicellulose indicators in osier and poplar pellets, lignin content in perennial crops (depending on fertiliser types, norms), parameters characterising pellet content variations (their evaluation and optimisation depending upon the proportions of pellet components) as well as characterisation of lignocellulose parameters.
I. INTRODUCTION
There are many crops or crop residues in agriculture that could be used for the production of liquid, solid or gaseous fuels [1] . While the most promising crops utilised in the production of bioenergy (biofuel) are perennials since they can be harvested for several years in a row without reseeding and yield high biomass with satisfactory quality [2; 3;4] .
It is possible to control biomass quality with various management methods. Growing conditions, grass specie, cutting frequency and fertilization leave the highest influence on the biomass production [5; 6] .
Plant biomass is a major energy source. A distinction is made between the lignocellulosic biomass (wood, straw, green waste etc.), biomass with high sugar and starch content (beetroot, sugar cane, wheat, maize etc.) and oleaginous biomass (rapeseed, soya, sunflower etc.). Mentioned biomass types are transformed into biofuels with help of various methods [7] .
Within the framework of energy generation strategy, in which residue/waste biomass is processed at production sites, companies may have their own energy resource as they are generating waste.
Among the possible vegetal biomass treatment processes pyrolysis is one of the most suitable, as it takes advantage of both great flexibility and relatively easy control over the product yield and characteristics.
The basic idea behind this research is a verification of the feasibility of a steam-assisted pyrolysis of biomass aimed at the production [8; 9] .
In its turn, general trend in the pellet production faced in Europe (incl. Baltics) is a lack of traditional raw materials (e.g., conifer sawdust generated in wood processing). Researches dedicated to the alternative biofuel sources lately have been very topical, and the issue is often discussed in international forums concerning problems when using biomass in energy production. Currently biomass has been receiving increased interest as a renewable energy source within the context of climate change and mitigation of climate impacts. This renewable energy is based on a short-cycle crops and energy crops which could contribute to the modern society's energy needs. According to the type of raw material used and conversion technology applied, biofuels can be divided into the two main categories of first and second generation of biofuels (and the potential of the third) [10] .
Biomass is a general term used for all organic materials derived from plants. From the chemical viewpoint it is a composite material, consisting of a mixture of hemicellulose, cellulose, lignin and extracts, and affected by the chemical structure of the species [11] . Today it is the second most commonly used energy source having 14% contribution to the world energy consumption, as compared to 12% of coal and 15% of gas [10, 12;13] .
The major combustible component of non-food energy crops is cellulose and the second one -lignin. Non-food energy crops are more efficient, as compared to the edible ones (having great content of starch). Hemicellulose is a cellulose-related polysaccharide that comprises about 20% of the biomass in most plants.
As biomass is primarily composed of hemicellulose, cellulose and lignin, it can be decomposed at temperature between 225-325°C, 305-375°C and 250-500°C, respectively [14] . It has been found out that decomposition temperature of cellulose is much higher than that of lignin, which makes a larger amount of cellulose become more volatile [12] . This leads to the fact that the bigger the lignin composition, the greater the amount of char produced or carbonaceous residues, because of a lower thermal degradation.
Biomass as a raw material has important advantages in combustion -high volatility of the fuel and high reactivity of both fuel and resultant char.
Gravimetric techniques (isothermal and non-isothermal) have generally been used to investigate reactivity of carbonaceous materials. These techniques have been selected in this work to evaluate physical and chemical properties, generating a variety of correlations that show the optimal conditions for the types of biomass that can be utilized in the production of biofuels [1; 7] .
Lignocellulosic biomass mainly consists of three polymeric components: hemicellulose, cellulose and lignin. Lignin is an amorphous polymer made by different phenolic compounds and it is the main component of cell walls. Lignin holds together cellulose and hemicellulose fibres and gives support, resistance and impermeability to the plant.
It is estimated that every year approximately 5 billion tons of cellulose are formed in the nature. It has been estimated that around 7.5x1010 tonnes of cellulose are consumed and regenerated every year [34] . It is thereby the most abundant organic compound in the world. Cellulose mass in cells of different plants varies between 50% and 70%. Until now, the most commonly used source of cellulose is wood (wood fibre), as well as cotton, hemp, flax, jute, wheat straw etc. and even roots (rutabaga etc.) [35] . Almost pure cellulose is present in cotton (~90%); flax and hemp mainly consists from cellulose as well. Cellulose content in hemp depends on its specie, climatic conditions and agro-technical measures applied [36] . Table 1 summarizes the composition of lignocellulose present in the most common sources of biomass.
Perennial grasses display many beneficial energy crop attributes. In the USA there has been increasing interest in their use in respect to the environmental impact which is generally considered to be positive [2] . Perennial and herbaceous energy crops offer a significant opportunity to improve agricultural sustainability through the crop diversification, decreased erosion, and improved water quality, as compared to the traditional annual crop system [36] .
Primary fuel characteristics that testify their suitability for combustion are: total energy produced, total moisture content and chemical content of the ash. Ash content and chemical indicators are important in the combustion process, because they can contribute to the formation of slag that reduce boiler efficiency and increase costs. Concentration of particular minerals varies depending on the plant specie and plant part. Qualitative parameters of harvested biomass are impaired by the presence of weeds [37] .
Plant age or growth phase at harvesting as well as content of other minerals also have significant influence [38] . To avoid biomass quality problems associated with summer harvests, it is recommended to harvest plants during winter or spring following the growing season [39] .
The objective of our study was evaluation of quality parameters; characterisation of hemicellulose indicators in osier and poplar pellets; investigation of lignin content in perennial grass plants depending on fertiliser types and norms; experimental research of parameters characterising pellet content mixtures, evaluation and optimisation thereof depending on the proportions of pellet components; as well as characterisation of lignocellulose (cellulose, hemicellulose and lignin) parameters; and comparison of the acquired lignocellulose values in pellet biomass with findings of other researchers.
This work aims at designing versatile and reliable tool that may be used for calculations, and it will be later integrated in a rigorous model, which will allow estimating combustion behaviour of waste plant biomass.
II. MATERIALS AND METHODS
The study covered research of following energy crops used for the fuel (pellet) production: poplar (Populus tremula L.), culmiferous plants -reed canary grass (RCG) (Phalaris arundinacea L.); tall fescue (Festuca arundinacea Schreb.) Determination of NDF takes place as follows: samples are treated with neutral detergent (ND) solution and thermally stable alpha amylase that solvents highly digestible proteins, lipids, sugars, starch and pectin, leaving insoluble fibres (cellulose, hemicellulose, lignin). The sample is boiled in the solution for 1 hour, afterwards filtrated, washed and dried. After the weight loss the NDF content is calculated. Calculation of ADF is performed as followssample is treated with acid detergent (AD) solution (0.5 mol/l H 2 SO 4 ), leaving cellulose, lignin and insoluble proteins. The sample is boiled in the solution for 1 hour, afterwards filtrated, washed and dried. After the weight loss the ADF content is calculated.
Measurement or calculations of particular chemical content take place as follows: lignin -the sample acquired after determination of ADF is treated with 72% H 2 SO 4 , after the weight loss the lignin content is measured; hemicellulose = NDF -ADF; and cellulose = ADF -lignin.
For each sample three parallel experiments were carried out. The correlations were analyzed as linear or polynomial regressions, and graphs were made using MS Office program Excel.
III. RESULTS AND DISCUSSION
The research shows that the lowest cellulose content (36%) is in RCG biomass, the highest -in poplar (40.87%), while osier indicates 40.77%. Among pellets from several energy crops the highest cellulose content was recorded in RCG/osier pellets (1/3) and RCG/poplar pellets (3/1) -38.84% and 40.05%, respectively (see Fig. 1 ). When RCG is added to osier or poplar pellets, a reduction in the lignin content was recorded, and it was the lowest in pellets made of grass plants in proportion 1/3. Lignin content in such RCG/poplar pellets dropped by 2.39% and by 0.96% in RCG/osier pellets.
The average lignin content in grass plants comprises 7.5%, in poplar -19.67%, and in osier 15.93%, therefore it is advisable to produce pellets from grass plant biomass together with wood.
When adding RCG to osier or poplar pellets, a rise in the hemicellulose content was observed, and it was the highest in component proportion 1/3. The content of hemicellulose in pellets made of RCG/poplar in mentioned proportion grew by 9.69% and in RCG/osier pellets -by 10.04%.
Osier or poplar pellet supplementation with RCG resulted in an increase in the cellulose content, and it was the highest in pellets made of grass plants in proportion 3/1. Cellulose content in RCG/poplar pellets made of components in the above shares rose by 9.69%, while in RCG/osier pellets -by 10.04%. 
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The study indicated that the highest hemicellulose content (27.28%) is in RCG biomass and the lowest in poplar (6.9%), while osier indicates 9.95%. The highest hemicellulose content (13.99%) among pellets from several energy crops was recorded in RCG pellets in proportion 3/1 with of osier. The best proportion of components in poplar pellets was 3/1, as hemicellulose content in such samples accounted for 16.59% (see Fig. 2 ). Results of researches conducted by other scientists shows that: cellulose content comprises 30-50%, while our study on average indicated 34.61% of the total dry matter; hemicellulose content comprises 20-40%, but in our research -15.32% (slightly above the maximal value); lignin accounts for 15-25%, but in our study -14.6% (that is close to the data found by other researchers).
The research shows that the highest NDF faction (74.65%) is in RCG biomass and the lowest (64.44%) -in poplar, while osier indicates 66.65%, and that the highest ADF faction (46.78%) is in RCG biomass and the lowest -in poplar (57.54%), whereas osier indicates 57.7% (see Fig. 3 ). The highest NDF content (69.52%) among pellets from several energy crops was recorded in RCG pellets in proportion 3/1 with of osier, while the best proportion with poplar was 3/1, as RXG/poplar pellets had 70.3% of NDF.
Among pellets from several energy crops the highest ADF content (54.81%) was recorded in RCG/osier pellets (in proportion 1/3), and the best component proportion in RCG/poplar pellets was 1/3, as ADF content in them accounted for 55.55%.
Evaluation of samples by fertilizer norms and types shows the highest lignin content in tall fescue without fertilizer (6.06%), and, the crop indicates 5.69%, when treated with fertilizer F+ N150, and 4.92% with application of vermicompost. Moreover, RCG without fertilizer indicates 5.03%, 5.41% with F+N90 and 4.46% with vermicompost; festulolium without fertilizer shows 4.36%, 4.47% with F+N60 and 4.23% with vermicompost (see Fig. 4 ). Lower lignin content was observed in grass plants harvested in summer (it varied between 8.29% and 3.53%), while samples harvested in autumn showed 10.78%. Lignin content in fall harvest was by 0.8% lower. To avoid problems with biomass quality associated with summer harvests, it is recommended to harvest plants during the winter or spring, following the growing season. Therefore, if RCG is used for pellet production, it is advisable to mow plants in autumn, after first frosts, and do it till spring, as well as to produce pellets from grass plant biomass that is mixed with wood (sawdust and woodchips).
IV. CONCLUSIONS
(I) The study on the application of various fertiliser doses and norms on grass plants shows the best lignin content in samples not treated with fertilisers, while the most suitable indicators in samples treated with fertilisers were found when applying F+N30 and F+N150. Treatment of grass plants with vermicomost leads to the lowest lignin content; therefore, when producing pellets, it is advisable to supplement grass biomass with wood.
(II) The particular lignocellulose content slightly differs from the indicators found in other researches. Cellulose indicators acquired within the framework of this research mainly met the values discovered in other studies, while bethemicellulose and lignin indicators were slightly under the minimum value. Thus, as the lignocellulose values obtained meet the standards set for the production of pellets, the biomass pellets may be used for the production of biological fuel -pellets.
(III) The proportion of components the most suitable for pellet production was found at combination 1/3 (RCG + timber). As RCG has lower cellulose and lignin content, as compared to timber, when producing pellets, it is advisable to add up to 25% of RCG, and thus pellets should be produced from grass plant biomass together with wood (sawdust and woodchips).
